Abstract. This paper presents a novel PSO designed to accurately model quadrotor dynamic system. Initially,this paper eatablished the quadrotor model under hover or low speed small angle flight conditions. Then, this paper employed an improved PSO for quadrotor system identification to obtain system parameters. Finally, the proposed system produced vertical acceleration and the attitude angle acceleration,this paper compared these data with the real flight data. The results show that the proposed method is effective and reliable.
Introduction
The quadrotor aircraft is a typical under-drive system in which the number of control inputs is smaller than the degrees of freedom. The whole system exhibits significant non-linearity and coupling [1, 2] . Therefore, the conventional system identification methods (e.g. least squares and maximum likelihood) cannot be used to accurately identify system parameters [3] . Genetic algorithm (GA) is commonly used to solve non-linear problems, but is disadvantaged by slow convergence speed [4] . Ant colony optimization (ACO) is applicable to system identification, but is dependent on the parameter and -if these parameters are set incorrectly, the quality of the solution is very poor [5] . Compared to GA and ACO, the particle swarm optimization (PSO) algorithm has faster convergence speed and is less parameter-dependent. Recent years have seen a great deal of research on PSO due to the continuous development of smart technologies [6] .
In this study, we first built a dynamic model according to the characteristics of the quadrotor under hover, small angle, and low speed conditions. We then applied an improved PSO to analyze a series of experimental data to identify the quadrotor system parameters. This allowed us to ultimately establish a precise system model, as discussed below.
Quadrotor Model
The quadrotor aircraft structure, as shown in Fig. 1 , has four symmetric rotors which are driven by four motors. The aircraft is flown by changing the speeds of the motors. Rotors 1 and 3 rotate counterclockwise while rotors 2 and 4 rotate clockwise in order to balance the rotational torque generated by the rotors. When the craft hovers, the speeds of all four rotors are equal, any change in the speeds of four rotors can cause increased or decreased action. Increase in only one rotor speed equivalent to a decrease in another rotor's speed in the same group causes pitch or roll actions. Increase in one group of rotors' speeds with equivalent decrease in the other group's speeds causes yaw action. 
System Identification of Quadrotor Aircrafts Based on an Improved PSO
In consideration of the quadrotor in hover, small angle, or low speed states, therefore it does not require accounting for the effect of wind, rotor waving actions, or the vibration and deformation of the body. The motion of the quadrotor can be seen as a six degrees of freedom motion of a rigid body. The quadrotor model is expressed as follows [7] :
.
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Where, , , is the position of the quadrotor, , , are three Euler angles (roll angle, pitch angle, yaw angle), m is the mass of the quadrotor, l is the distance from center of the quadrotor to the center of any propeller, λ is the ratio of roll-torque to lift, is the x axial moment of inertia, is the y axial moment of inertia, is the z axial moment of inertia, is the control variable of vertical movement, is the control variable of roll movement, is the control variable of pitch movement, and is the control variable of yaw movement. The quadrotor control input is defined as follows:
. (2) Here, we utilized a quadrotor assembled in our laboratory as a study object. The four control variables of its flight control board were measured as PWM values. The relationship between the motors' lift and control variables is expressed as follows [8] :
Where is the PWM value of the ith motor, is motor voltage, is the motor transfer function,and is the lift coefficient.
Considering Eqs. 1-3, the quadrotor system parameters to be determined include: λ . Among them, , and the parameters that remain to be identified are [ ]. We divided them into two parts: , and .
System Identification Based on Improved PSO

Improved PSO
The typical PSO procedure is described in our references [9] . The speed and position of the particle swarm in the search space are determined as follows:
Where is the position of a particle, is its velocity, and are accelerate constants, and are random numbers within [0, 1] , is the best position the particle has searched so far, and is the best position the particle swarm has searched so far.
is the inertia factor. Because can impact the the algorithm's convergence, it is not treated as a constant here but given exponential decay parameters [10] :
. (5) where is the initial value of , is the final value of , a is an attenuation coefficient, T is the total number of iterations, and k is the current number of iterations. According to Eq. 5, is large at the beginning of the process. PSO can search a wide solution space range as decreases with increased number of iterations (i.e. as the range gets smaller), so this improvement significantly enhances the PSO algorithm's efficiency.
Quadrotor accelerations in the vertical direction can be determined as follows: (6) Where is obtained from the proposed identification model, is achieved by getting second-order derivative of z, and z is the altitude measured by barometer. Here, we regarded ITAE index as the fitness value of each particle. The improved PSO fitness function is: .
Quadrotor System Identification Based on Improved PSO
The Improved PSO process is as follows:
(1) Initialize the particle swarm, set improved PSO parameters: , , ,
. The position and velocity of all particles are randomly generated. The position of each particle is assigned to in the simulink model, is the output of the simulink model, and are determined by the PSO. (2) Update the particle swarm according to Eq. 4. (3) Compare the fitness of each particle with ; if it is better, set its fitness( ) as the current . (4) Compare the fitness of each particle with ; if it is better, set its fitness ( ) as the current . (5) If the demands (usually the maximum iteration number and minimum fitness value) are not met, then return to Step 2; otherwise, exit the algorithm and obtain the best solution.
The change in fitness ( ) with number of iterations during improved PSO operation is shown in Fig. 2 . Figure 2 . Improved PSO fitness curve GA and ACO were used for system identification as a comparison, the simulation results are provided in Table 1 . As shown in Table 1 , comapred to GA and ACO, the proposed PSO has faster convergence speed and better fitness value.
Three parameters to be optimized are gained after improved PSO operation:
The smallest fitness value obtained is: .
Plug which is obtained by identification into Eqs. 1-3, where, can be measured by inertial measurement unit (IMU). Experimental data was collected to calculate the average of ,[kg*m 2 ].
Identification Effect
Eq. 10 is substituted into the following equations:
We used simulink to generate the acceleration curve accordingly, as shown in Fig. 3 . The dotted line in the figure represents the data produced by the PWM value-based identification model, the solid line represents the data from the second-order derivative of the height measured by the barometer. With reference to the above figure, the altitude is 0 when the quadrotor is on the ground, so vertical acceleration is 0 ; at this time, the quadroror is subjected to gravity and there is negative acceleration in itself.
The roll acceleration is shown in Fig. 4 , where the dotted line represents the data produced by the PWM value-based identification model and the solid line represents the data from the second-order derivative of the roll angle measured by the IMU. has certain delay compared to because in actual flight tests, the attitude angles cannot be changed at once by changing the motor speed.
The pitch acceleration is shown in Fig. 5 , where the dotted line represent the data produced by the PWM value-based identification model and the solid line represents the data from the second-order derivative of the pitch angle measured by the IMU. With reference to the figure, has certain delay and some error compared to , because the attitude angles cannot be changed at once by changing the motor speed, and some noise may lead to error during the flight.
The yaw acceleration is shown in Fig. 6 , where dotted line represent the data produced by the PWM value-based identification model and the solid line represents the data from the second-order derivative of the yaw angle measured by the IMU. With reference to the figure, has certain fluctuation in the initial stage compared to . Because in the initial stage, the yaw angle cannot be equal to the set direction, the yaw angle is adjusted after take off.
Conclusion
In an effort to solve the quadrotor aircraft system identification problem, an improved PSO algorithm was applied to the quadrotor aircraft system identification process in this study. PWM value,vertical height,roll angel,pitch angle,yaw angle information were obtained from a real flight and used to compare the acceleration produced by the proposed model with the acceleration obtained from the actual flight data. The results show that the proposed identification model is accurate, the identification algorithm is effective,and the identification results are reliable.
